Previous research suggests a relationship between attentiondeficit hyperactivity disorder (ADHD) and smoking, alcohol and illicit drug use, however most studies have focused on adolescents or young adults, or clinically ascertained samples.
Attention-deficit hyperactivity disorder (ADHD) is an early-onset neurodevelopmental disorder. Originally believed to only be present in children, studies have indicated that there are numerous cases in which ADHD persists into adulthood. 1 One of the first and most representative epidemiological studies performed to examine adult ADHD found that approximately 4.4% of Americans met diagnostic criteria presented in DSM-IV. 2 Comorbidities are common in people with ADHD, with over half having at least one comorbid condition, the most prevalent being conduct disorder and oppositional defiant disorder. 3 Impulsivity is one of the core features of ADHD. 4 Evidence showing that people with ADHD have lower levels of neurotransmitters, such as dopamine, has led to the speculation that individuals with ADHD participate in risky behaviors to stimulate dopamine release. 5 As such, studies focusing on the nature of the relationship between ADHD and risk-taking behaviours are essential to improve our understanding of this condition and treatment needs. One of the more highly studied health behaviours in people with ADHD is tobacco smoking. It has been suggested that ADHD increases the likelihood of smoking in childhood and adolescence, lowers the overall age at first use, and increases the number of cigarettes smoked, and this pattern continues into adulthood. [6] [7] [8] Charach et al 9 previously completed a meta-analysis of alcohol and substance misuse and childhood ADHD as a risk factor for these disorders. They concluded that alcohol misuse occurred more frequently in people who had received a childhood diagnosis of ADHD, compared with those who had not. People with ADHD were possibly at a greater risk of cannabis misuse and psychoactive substance use disorders, and were at a significantly greater risk of other non-alcohol drug use disorders, but the degree of risk could not be determined. Recently, Brinkman et al 10 also found that the age at initiation of alcohol consumption was significantly lower in adolescents with ADHD compared with healthy individuals.
This study seeks to extend the literature on ADHD and at-risk health behaviours in adults and adolescents using Canadian population-based data to present a more comprehensive understanding of how this neurodevelopmental disorder can be associated with behaviours that affect physical and mental health in the community. Although previous research has demonstrated a relationship between ADHD and smoking, alcohol and drug use, studies using Canadian data are few in number, have focused primarily on adolescents or young adults, or have used clinically ascertained samples. Additionally, some results have been contradictory or inconclusive and we aim to add clarity to this issue. Although a recent Canadian study using a population-based sample found that ADHD symptoms are related to use of alcohol and cannabis, the study was comprised only of Ontario residents and therefore may not be representative of the entire Canadian population. 11 Additionally, although they did examine cannabis use, they did not examine other illicit drug use. This study is therefore necessary to add the limited Canadian literature on ADHD and risky health behaviours. We hypothesised that the diagnosis of ADHD would be associated with higher odds of smoking, alcohol and drug use behaviours and related impairment.
Method
This study was approved by the Social Sciences and Humanities Research Council of Canada.
Participants
The data used were obtained from the Canadian Community Health Survey -Mental Health (CCHS-Mental Health) 2012 (released 18 September 2013). The CCHS-Mental Health is a cross-sectional survey designed to collect information on health status, healthcare utilisation and health determinants for the Canadian population. The survey covers the population aged 15 and over, living in the 10 provinces for a total sample size of 25 113. Desired sample size for the CCHS-Mental Health was 27 500 based on what was required for reliable provincial-level estimates and the budget available. To select respondents, geographical clusters were first selected, followed by household selection within each cluster and finally the random selection of one respondent per household. Persons living on reserves and other Aboriginal settlements, full-time members of the Canadian Forces and the institutionalised population were excluded from the survey. These exclusions account for approximately 3% of the Canadian population who are aged 15 and above. The combined household and person response rate was 68.9%.
Survey design
The CCHS-Mental Health was developed by Statistics Canada in association with stakeholders from Health Canada, the Public Health Agency of Canada, the Provincial Health Ministries and an advisory committee consisting of specialists and academic experts. This survey also utilises computer-assisted interviewing. The CCHS has a common content section collected from all respondents, and an optional content component specific to the data needs of the individual provinces and territories, and a rapid response content component which is offered to organisations interested in national estimates based on emerging or specific issues related to population health. Our study utilises this survey for data specific to demographics (education, income), smoking (smoking status, cigarettes per day, age at first cigarette smoking), alcohol use (drinks per day, binge drinking, alcohol dependence) and illicit drug use (use of various drugs including prescription drugs for non-medicinal purposes).
Diagnosis of ADHD
CCHS-Mental Health survey participants were asked about a diagnosis of ADHD. The CCHS-Mental Health survey stated 'Remember, we're interested in conditions diagnosed by a health professional and are expected to last or have already lasted 6 months or more'. Following this it was asked, 'Do you have attention-deficit disorder'? to which the respondents answered either yes or no. The survey did not specify whether the diagnosis was attention-deficit disorder (ADD) or ADHD. Respondents who answered 'yes' were placed in the ADHD group, to be compared with those who had answered 'no', the control group, in terms of smoking, alcohol and illicit drug use.
Variables studied
We examined variables related to smoking, alcohol use and illicit drug use. We also examined demographic features of the populations including age, gender, household income, level of education achieved and employment. Additionally, we compared prescribed stimulant use in those with ADHD compared with those without. With respect to smoking, we looked at the age at which the current or past daily smokers started smoking daily, the age respondents had smoked their first whole cigarette, whether they were a current smoker, whether they had ever smoked and the number of cigarettes smoked per day for both current daily and current occasional smokers. Alcohol use variables examined included the mean number of drinks per day, whether the respondent had had binge-drinking episodes (5 or more drinks in 1 day) within the past year, whether they had alcohol dependence issues at a point in their life, and whether they had ever sought professional help when they had alcohol-related issues. With respect to illicit drug use, we examined whether respondents have ever met the criteria for marijuana misuse, whether they have ever met the criteria for marijuana dependence, whether they met the criteria for drug misuse within their lifetime (excluding cannabis) and whether they met the criteria for drug dependence (excluding cannabis) within their lifetime. In total, the CCHS-Mental Health survey has 164 questions pertaining to smoking, alcohol and drug use. Derived variables were used to examine alcohol dependence and substance misuse and dependence. To meet the alcohol-dependence lifetime criteria, respondents had to report at least three symptoms related to tolerance, withdrawal, increased consumption, attempts to quit, time lost, reduced activities and continued drinking, and three or more of these symptoms must have occurred during the same 12-month period. The same criteria were required to meet marijuana lifetime dependence and drug (excluding cannabis) lifetime dependence. Additionally, to meet marijuana misuse lifetime criteria, respondents must not have experienced dependence and must meet one of the four criteria for misuse, which include recurrent use leading to a failure to complete obligations, use in situations when it is physically hazardous, related legal problems and continued use regardless of social and interpersonal problems caused or worsened by use. 12 Criteria are the same for drug (excluding cannabis) lifetime misuse. Variables with dichotomous outcomes are presented as proportions, and continuous variables are presented as means, both with associated 95% confidence intervals (CIs).
Statistical analysis
All analyses were completed at the Prairie Regional Data Center using STATA Data Analysis and Statistical Software, version 14.
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Weighted and bootstrapped estimates were calculated for categorical variables as proportions to represent the prevalence, as well as 95% CI to assess for statistical significance. Sampling and bootstrap weights were applied for all estimates reported by the CCHS. These weights were applied to account for over or under sampling in the survey, and to adjust the variance through resampling so that it more accurately represents the entire Canadian population, respectively. Logistic regression was used to calculate odds ratios and 95% CI to describe the association between ADHD and smoking, alcohol and drug use. Effect measure modification by age or gender was evaluated with the Wald test to assess the significance of crossproduct interaction terms. The presence of confounding was assessed by examining changes in the beta estimate following backward elimination of the interaction terms. Estimated odds ratios presented here have been adjusted for both age and gender. When an interaction between age and gender was significant (using a priori significance level of 0.05), respondents were stratified by age (age 15-25 compared with those age 26 and over) and gender (female or male) and odds ratios are presented for each of the four groups (female, age 25 and under; female, age over 25; male, age 25 and under; and male, age over 25). The decision to stratify into these age categories was based on indications that adolescence, and the risk-taking behaviour that is associated with adolescence, may last until age 25 and not the previously suggested age of 18. 14 Additionally, many people age 25 and under are around peers who may encourage risky behaviours. Also, because of differences in socioeconomic status (SES) between the ADHD and control groups, we adjusted for income when possible. The relationship between SES and smoking is well established, with lower SES being correlated with higher incidence of smoking. 15 The relationship between SES and alcohol and substance use is less established however, with some studies showing a positive correlation, others showing a negative correlation and others showing no relationship. [16] [17] [18] [19] Thus, although we did determine odds ratios adjusted for income differences between groups, these adjustments may not be necessary or reflective of the relationship between SES and alcohol or substance use.
Results

Demographics
A total of 24 424 respondents answered 'no' to having received a diagnosis of ADD or ADHD, whereas 670 respondents answered 'yes', with an estimated prevalence of 2.63% (95% CI 2. [28] [29] [30] [31] [32] [33] [34] [35] [36] .64) of individuals with ADHD had ever used a prescribed stimulant, compared with 1.63% (95% CI 1.42-1.84) of the control population. Owing to the differences in age between the ADHD and control populations, the remainder of the demographic variables that were felt to be highly influenced by age were compared between the ADHD and control populations in those aged 25 and under, and those over 25 (Table 1 ). Even after controlling for age, differences between the ADHD and control populations persisted for household income for both age groups, and employment only for those aged 25 and under.
Smoking
Results are summarised in Table 2 . The age that respondents with ADHD smoked their first whole cigarette was significantly lower than those without, as was the age that they started smoking daily (if they had ever been or currently were a daily smoker). A higher proportion of people with ADHD were current smokers compared with the control group and had ever smoked compared with the control group. For current daily smokers, there was no significant difference between mean cigarettes smoked per day. Additionally, there was no significant difference in mean cigarettes per day for occasional smokers. Results presented in Table 2 are adjusted for age and gender, but because of the potential of SES to act as a confounder in the relationship between ADHD and smoking, we also examined odds ratios including this additional income adjustment, presented in Table 3 . After adjusting for income, there is no association between ADHD and having ever smoked or being a current smoker.
Alcohol use
Results are summarised in Table 4 . Individuals with ADHD reported a significantly higher number of alcoholic drinks per day on drinking days in the past 12 months. With respect to episodes of binge drinking (5 or more drinks in 1 day) for people who had drank in the past 12 months, a significantly higher proportion of people with ADHD had a binge-drinking episode more than once a month compared with the control population. Women with ADHD aged over 25 had 4.36 (95% CI 1.86-10.23) times the odds of having more than one binge-drinking episode in the past 12 months. Women aged 25 and under with ADHD had 2.41 (95% CI 1.18-4.92) times the odds of having more than one episode. Neither age group of men was significantly more likely to have a binge-drinking episode than controls. A significantly higher proportion of people with ADHD met the alcohol dependence lifetime criteria (have had dependence issues for at least one 12 month period during their lifetime) compared with the control population. Women with ADHD aged over 25 had higher odds of meeting the alcohol dependence criteria compared with those without, whereas women under 25 years did not. Men with ADHD of age under and over 25 had higher odds of meeting the alcohol dependence lifetime criteria than controls. Finally, a significantly higher proportion of people with ADHD who had alcohol-related issues had ever sought any form of professional help compared with the control population who had experienced issues with drinking and had 2.63 (95% CI 1.54-4.49) times the odds of seeking professional help. Odds ratios adjusted for age, gender and income are presented in Table 3 , which illustrate that after adjusting for low SES, the relationship between ADHD and alcohol use is unchanged.
Substance use
Results are summarised in Table 5 . People with ADHD had higher odds of meeting the criteria for marijuana misuse within their lifetime compared with controls. Additionally, a significantly higher proportion of people with ADHD met the criteria for marijuana dependence within their lifetime, with an odds ratio of 3.41 (95% CI 2.00-5.80). For drug misuse (excluding cannabis and including sedatives, stimulants, analgesics, cocaine, club drugs, hallucinogens, heroin, inhalants and any other illegal drugs) within their lifetime, those with ADHD had significantly increased odds of meeting the lifetime misuse criteria compared with controls. A significantly higher proportion of people with ADHD met the drug-(excluding cannabis) dependence lifetime criteria compared with the control population, with an odds ratio of 5.74 (95% CI 3.62-9.09). Odds ratios adjusted for age, gender and income are presented in Table 3 . After adjusting for SES, the association between ADHD and marijuana and drug misuse and marijuana dependence was no longer statistically significant, largely because of widening of the confidence intervals around these estimates.
Discussion
The estimated prevalence of ADHD determined in this study of 2.63% (95% CI 2.32-2.94) is consistent with previous Canadian studies placing the prevalence at around 3% (3.30%, 95% CI 2.75-3.85). 20 Demographics and some socioeconomic factors between the ADHD and control groups differed significantly. The ADHD group is made up of a younger and more male demographic. Examination of sociodemographic factors indicated that people with ADHD were living in lower income households, and those with ADHD age 25 and under were less likely to be employed. Previous research has suggested that people with ADHD receive significantly fewer years of education compared with their non-affected counterparts specifically with respect to completing college and some postgraduate work, but findings on the differences in proportion of people with and without ADHD who finished high school, some college or received a postgraduate degree, have been inconclusive. 21, 22 The deficits seen in academic performance could be predicted to translate into employment issues such as missing more work, troubles finding and sticking with a job and lower income. Previous studies have also found that a lower percentage of people with ADHD are employed, and earn an income significantly lower than the control population. 22 People with ADHD were at a significantly greater risk of being current daily or occasional smokers as well as having ever smoked, but this relationship did not persist when adjusting for SES differences between the ADHD and control populations. Individuals with ADHD smoked their first whole cigarette and started smoking daily at a significantly younger age than the control group. There was no significant difference in mean number of cigarettes smoked between groups. Prior studies have found that people with ADHD started smoking at a lower age and were more likely to be smokers or have smoked previously. [6] [7] [8] These studies on smoking and ADHD adjusted for SES by eliminating the entire lowest socioeconomic class from the study, 7 adjusted through data on parental education and receipt of public assistance 8 or did not adjust for SES and used other population data available at the time as their control group. 6 When controlling only for age and gender, our results were in keeping with previous studies on the association between ADHD and smoking. After adjusting for SES, however, our 95% CI crossed zero, suggesting a relationship between ADHD and smoking may or may not be present. This could be because of the complex and bidirectional association between ADHD and low SES, as well as smoking. Individuals with ADHD are more likely to have low SES which may be partly because of previous mentioned differences noted in education and employment. Low SES of parents is a risk factor for ADHD in children, 23 and individuals with low SES are more likely to smoke, 15 a known risk factor for the development of ADHD in offspring. 24 ADHD is a highly heritable disorder, and it is not possible to determine the relative contribution of genetic v. environmental risk factors in affected individuals. The weakening of the association between ADHD and smoking when adjusting for SES may be because of effect mediation, confounding or both. A significantly higher proportion of people with ADHD have had more than one binge-drinking episode a month compared with the control population. Women aged over 25 were at a significantly higher risk, as well as women 25 and under, with no significant difference in risk in men. The lack of a significant difference found in males with ADHD compared with those without may be related to findings that binge drinking in men is significantly more common than in women, with studies suggesting that men are three times as likely to binge drink. 25 Our alcohol use findings are consistent with previous literature, which have indicated that people with ADHD are much more likely to develop alcohol use disorders in adulthood, 9-10 and we have shown that this relationship persists after adjusting for income.
Respondents with ADHD were also found to be at a greater risk of participating in substance use behaviours. They were significantly more at risk of having marijuana-related misuse and dependence issues, as well as misuse and dependence of other drugs not including marijuana (e.g. club drugs, cocaine). Although the variables examined were slightly different between studies, overall our results confirm and extend the findings of Charach and colleagues' meta-analysis which indicated a potential increased risk in cannabis use disorders and psychoactive drug use disorders, and a significant but undetermined degree of risk for other non-alcohol drug use disorders. 9 After adding an adjustment for SES, confidence intervals around our estimates widened, resulting in point estimates that suggest a higher odds, but confidence intervals which cross the null value. Overall, we found increased risk for substance use and dependence disorders, for all types of drugs, in people with ADHD.
The findings of this population-based study confirm that people with ADHD are more likely to participate in at-risk health behaviours, specifically alcohol and substance use, but the relationship between ADHD and smoking behaviours is less clear. Although previous studies examining the association between smoking and ADHD found that the relationship persisted after adjusting for SES, 7, 8 our results suggests otherwise. This may be because of differences between studies in the variables used to define and account for SES. Previous studies used methods such as eliminating the entire lowest SES class from their analysis, or made adjustments for SES based on education levels of parents and social service utilisation, rather than the respondents' education level or income level directly. Thus, our study demonstrates a need to further examine the role of SES in the relationship between ADHD and smoking using a standard approach to define and account for SES.
Potential reasons for the associations between ADHD and smoking, alcohol and substance use include problems with impulse control, or a possible desire to self-treat ADHD symptoms because of inadequate medical or psychosocial support. Impulsivity is increased in ADHD, making this a viable explanation for the risktaking behaviours seen, but there is evidence supporting the selfmedication theory for increased smoking, drinking and substance use as well. A controlled family study examining self-medication found that 36% of people with ADHD smoked and used substances to self-medicate (33% for mood changing and 3% to aid sleep), whereas 25% used to get high and the remaining 39% had other or unknown motivations. 26 It has been speculated that tobacco smoking is used as a method of self-medication because of its enhancing effect on behavioural inhibition abilities and cognitive functioning. 27 Additional studies have suggested that substances such as cannabis and cocaine lead to neurotransmitter release, specifically dopamine, which would therefore reduce the main symptoms of ADHD, supporting the self-medication hypothesis of substance use. 28 Therefore, impulsivity and self-medication may both be factors contributing to the significant increases in risktaking behaviours seen in the ADHD population. This raises the question as to whether people with ADHD are receiving proper treatment to manage symptoms, and if not, what types of alternative treatments may be valuable. A balanced diet with regular exercise, cognitive-behavioural therapy and pharmacological treatments have all been suggested to manage the risk-taking behaviours that people with ADHD partake in. 29 As we could not examine what treatments respondents had received, and whether there was a relationship between type of treatment, symptom severity and risk taking behaviours, we cannot indicate what treatment methods may be the most effective. This is an area for future examination and an important step in addressing how to reduce the increased amount of risk-taking behaviours that people with ADHD partake in. Additionally, children aged under 15 may be included in future studies by adding variables more specific to risk-taking behaviours that younger children may participate in (i.e. playground play decisions leading to injury) as there is evidence that ADHD leads to an increased risk of injury. 30 In general, future study is needed to determine additional factors influencing the findings obtained in this examination, and others of a similar nature.
A limitation in this study was our inability to stratify completely by age and gender, given that the two groups were significantly different demographically. However, measures were taken to adjust odds ratios for age and gender, as well as stratify into two age groups (age 25 and under, and over 25) and by gender when an interaction between age and gender was determined. Additionally, participants were asked whether they had ever received a diagnosis of ADD and not ADHD specifically. This relied on self-reporting and did not indicate diagnostic criteria used. Thus, the ADHD population we examined may include people who no longer had symptoms or were incorrectly diagnosed, and the control population may contain people with the disorder who were never diagnosed. This underdiagnosis may be a critical issue in more remote survey areas with less access to mental health physicians. The inclusion of undiagnosed individuals with ADHD in the control group however would only minimise any difference found in outcomes between groups, many of which were statistically significant. The CCHS relies on the self-report of health-professional diagnosed conditions for its determination of whether an individual has ADHD, as well as all other medical conditions evaluated in their survey. Validation studies for the self-report of diagnosed ADHD have not been performed to our knowledge, however validation of self-reported chronic conditions has been done for a number of other psychiatric and neurological disorders. [31] [32] [33] [34] For example, a validation study of self-reported diagnosis of depression found that 74.2% of individuals self-reporting a physician diagnosis of depression were classified as depressed using the Structured Clinical Interview for DSM-IV (SCID-I). 35 Although misclassification bias is possible with the use of self-reported diagnoses, we believe there is adequate data from other conditions to support the use and validity of this method.
The importance of this examination is that it is one of the first Canadian studies using population-based data to ascertain differences in risk-taking behaviours between people with and without ADHD. Our findings indicate that there is a significantly greater risk that people who have been diagnosed with ADHD will participate in alcohol use and substance use. These findings are important as they confirm previous findings from studies using clinically ascertained samples. However, our analysis of smoking behaviours suggests that the increased risk of smoking in this group is because of the association between ADHD and SES, a known risk factor for smoking. Additionally, previous literature has focused almost exclusively on the relationship between ADHD and risk-taking behaviours in adolescents and young adults. Thus, it is unclear whether findings are because of the combination of the impulsivity that accompanies ADHD and a predisposition for younger people to act in a riskier way, and not just the presence of ADHD alone. As ADHD is no longer considered a disorder that only affects children or adolescents, extending the current literature past young adults is crucial. Our study determined that people over the age of 25 were also at greater risk of alcohol and substance misuse-related behaviours. This provides us with insight that this is not just an issue concerning adolescents and young adults, a conclusion which could not be drawn from previous literature available. Owing to the compromised health that may result from behaviours examined in this study, it is essential that current treatment methods address the complex health needs of individuals with ADHD, and that these treatments do not cease once adulthood is reached.
